Non-adiabatic non-Abelian geometric phase of spin-3/2 system in the rotating magnetic field is considered. Explicit expression for the corresponding effective non-Abelian gauge potential is obtained. This formula can be used for construction of quantum gates in quantum computations. . On the other hand non-adiabatical Berry phase can exist and be measured if transitions in a given statistical ensemble do not lead to loose of coherency [11] . Therefore it is also possible to use the corresponding unitary operators to perform quantum calculations. This fact has been noticed in [12] . In this paper we show a realization of quantum gates for a concrete 4-level quantum system driven by external magnetic field. Let us consider a spin-3/2 system with quadrupole interaction. We assume the condition of the 131 Xe NQR experiment to be held so one does not need to trouble about the coherency in the system. The last is described by the following Hamiltonian in the frame where the magnetic field is parallel to the z-axis ( = 1)
A great deal of investigations in quantum computers (see [1] for a bibliographic review on this subject) refreshed some interest on Berry phase effect [2] in quantum mechanics. The idea of using unitary evolution operators produced by the non-Abelian Berry phase [3] as quantum calculations is proposed in [4] and realized in [5] in a concrete model of holonomic quantum computer. Calculation aspects of this model are considered in [6] . For other references where also Abelian Berry phase is considered in the context of quantum computer see e.g. [7] - [10] . On the other hand non-adiabatical Berry phase can exist and be measured if transitions in a given statistical ensemble do not lead to loose of coherency [11] . Therefore it is also possible to use the corresponding unitary operators to perform quantum calculations. This fact has been noticed in [12] . In this paper we show a realization of quantum gates for a concrete 4-level quantum system driven by external magnetic field. Let us consider a spin-3/2 system with quadrupole interaction. We assume the condition of the 131 Xe NQR experiment to be held so one does not need to trouble about the coherency in the system. The last is described by the following Hamiltonian in the frame where the magnetic field is parallel to the z-axis ( = 1)
For a spin-3/2 system we choose the third projection of the angular momentum in the form
Then two other projection operators are
In the laboratory frame the Hamiltonian takes the form
Rotation around the z-axis means that ϕ = ω 1 t and one should perform the unitary transformation
In the rotating frame we get
Expression (7) is equivalent to
It is convenient to diagonalize this matrix in two steps. First we get rid of σ 1 in the last matrix element by performing of the block-diagonal transformation
where tan α = 2 tan θ. Thereafter the Hamiltonian H 1 reads
At the second step we apply the transformation
where beta 1 , beta 2 are diagonal 2 × 2 matrices that must obey the unitarity condition
Supposing β 1,2 to be real and performing transformation (11) we come to the diagonalization condition in the form
where λ 1 , λ 2 are 2 × 2 diagonal matrices and ξ is a parameter
Assuming β 2 = µ β 1 where µ is a diagonal 2 × 2 matrix as well we come to the following expressions for the matrix elements of µ
where
Finally we get for the matrix elements of β 1,2
Now one can evaluate the connection 1-form. It is convenient to represent it as follows:
where all matrix elements denote 2 × 2 matrix-valued blocks, U = U 1 U 2 U 3 and U i are determined by (6) , (9), (11) correspondingly. Here tilde denotes a transposed matrix. After some algebra we get for the matrix elements of (20) 
where dφ = ω 1 dt. It should be emphasized here that in the non-adiabatic case we discuss the term A 3/2 contains non-diagonal terms that is not the case when the adiabaticity condition is held [13] . Formula (21) solves the problem of the evolution control in the system under consideration. Of course, a suitable speed of the parameters evolution can not be reached by rotation of the sample as it took place in the experiment by authors of [11] . Nevertheless it is clear that this manner of control is not principle and one could imagine a situation where the parameters evolution is provided by the controlling magnetic field by adding a non-stationary transverse component.
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